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Why Do Astrophysicists Care?

Hot Explosions and
Cool Physics!

Supernovae are one of the biggest explosions
in the universe.

10" ergs of Kinetic Energy!!!

Temperatures beyond 100 MeV!
Densities above 10" g/cc!

— > New, Untested Physics!

Neutrino Physics, General Relativity,
Matter at Nuclear Densities...
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MASS EJECTION FROM SUPERNOVA

Recently, Arnett (1967) published a saper demonstrating that massive stars >10 Mo
o not eject sufcient massby the mecnanism OLTCS 0 heat transport to resultin a
tajor explosion of the star. 1hiS QiSagrees with the origina

White ;mmmmmmmm & d1SCUSSes
Fe-problem. 1he problem is lmportant to COSMOIOEICE considerations because the
istence of relativistic gravitational collapse beyond the state of the classical neutron
tar depends upon the lack of major mass ejection by massive stars. Conversely, all stars
indergoing non-relativistic collapse acco ing to the mechanism of CW may manage

o eject sufficient mass so that the residual neutron star is stable.

Celqate ApY 153,335

ON SUPERNOVA HYDRODYNAMICS

: Colate 1968) has criticized an investigation of gravitationg collaseu of
on-ToTating maseive stars by the author (Arnett 1967) in which energy transportD

fectron-type neutrinos and antineutrinos was found to be much TeSS eificient in massiye
tars (M core > 8 M @) than estimated by Colgate and White (1900; hereinaiter re erred
0as “CW"). Mathematical models of these stars would not explode by this mechanism.

Che ose of this Noteis ly to Colgate’s criticisms and point out some weak-
esses in the anﬁyms given in CW, e ——————————

Arnettr  Apd 153, 3Y]
2 Mechonisms
) Thermonuciear Explosion of
Wb |
2) Core Collapse o Massive Star
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Type 1 Spectra
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Figure 5: Ea.rly—tu:ne spectra of SNe 1987A and 1987B. The spectrum of SN 1987B was
provided by Dr. R. P. Harkness.
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F:gure 6: Spectra. of SNe 1988A and 1987B at compa.ra.b!e phases The nea.r-IR (A > 7700 A) _
. region of SN 1987B is noisy due to mcomplete remova.l of CCD mterference &mg@. =
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BLUE MAGNITUDE

SN 1987A
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Figure 3 Schematic light curves for SNe of Types la, Ib, II-L, II-P, and SN 1987A. The curve

for SNe Ib includes SNe Ic as well, and fepresents an average. For SNe II-L, SNe 1979C and .

1980K are used, but these might be unusually luminous. From Wheeler 1990; reproduced with
permission. e
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Supernova Collapse

!

Temperature and Density of the Core becomes
so High that:

Iron Dissociates into O-particles

Electrons Capture onto Protons
e+p —& n+\,

- Pressure in Core Decreases

- (Core Collapses nearly at
Free-Fall!!!

(c)

Velocity

I
<
—

-0.15

Il | I]tl!lil i IIlIIlII ] II!IHII I 1 1 11

10 100 1000 104

Radius (km)




Core Bounce and Stall of the Shock

Core Reaches
Nuclear Densities

—& Nuclear Forces,

Neutron Degeneracy
Increase Pressure

—& Bounce!

Angle Averaged Entropy (kg/nucleon)

10 T T rrrrrr]

0.05

Velocity (c)

0.1 -

2 1 L a3 gl

107
Radius (cm)

108

!77!

50 100 150 200 250

Radius (km)

Neutrino Emission and
Dissociation Stall Shock

However, the Shock
Leaves Behind an
Unstable Entropy
Gradient which
Seeds Convection!



Convection Enhanced Supernovae

Neutrino Heated Material Rises_,rCooling
O Adiabatically Before Losing Its Energy
Via Neutrino Emission

Infalling Material Convects Down to the

@ Proto-Neutron Star. It Does NOT Pile Up
at the Accretion Shock.

Infalling Material
Produces
Accretion Shock

1 2
/Pshock" 2 ps fo

The Convective
Region Must
Overcome this
Pressure to
Launch an
~100-300km | EXPlostion

Entropy Driven
Convection




3D Core-Collapse Supernovae

Iso-Surface Plot
(Vrad =1000 kme)

15 Solar Mass
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Remnant Mass
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15 Solar Mass Progenitor 25 Solar Mass Progenitor




Accretion Rate (My/s)
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Massive Stars Have
Higher Infall Rates
-»Requires More
Energy To Explode
Burrows & Goshy 1993
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